Effects of the Degree of Obesity on

Introduction
Obesity is an epidemic and chronic disease worldwide. It is multi-factorial, and involves the integration of social, behavioral, cultural, physiological, metabolic, and genetic factors. It is defined as the excess accumulation of adipose tissue [1, 2] , and significantly impacts the risk of mortality and morbidity. The prevalence of obesity has gradually increased over the last decade. Between 2003 and 2004, the prevalence of obesity was 31.1% in males and 33.2% in females, which rose to 33.3% in males and 35.3% in females between 2005 and 2006 [3, 4] . The obesity prevalence of some European countries was reported to be 5-23% in males and 7-36% in females [5] [6] [7] . In Turkey, the obesity prevalence is 12.9-25.7% in males, and 29.9-50.2% in females [8] [9] [10] .
Obesity is associated with several health problems including abnormal blood pressure (BP), impaired glucose tolerance (IGT), vitamin deficiencies, and osteoarthritis [11, 12] . In addition, BMI was strongly associated with systolic (SBP) and diastolic blood pressure (DBP) independent of age, alcohol intake, smoking habits, and sodium and potassium excretion. Approximately 30% of hypertensive patients were obese, and so hypertension (HT) is one of the most common obesity-related disorders [13, 14] . Increased frequency of DM with increasing BMI has been reported in several populations. In addition, an increased frequency of IFG (impaired fasting glucose) and IGT, and the enhanced conversion of normal glucose tolerance to IGT and T2DM were significantly associated with increased BMI [15, 16] . This study aimed to evaluate obesity staging and its effect on achieving target blood pressure and metabolic derangement in obese individuals admitted to primary care.
Materials and Methods
The cross-sectional and population-based study enrolled a total of 1837 adult patients who consecutively admitted to our outpatient clinic of family medicine for weight reduction, Duzce University, Department of Family Medicine within 1-year period (January 2012-December 2012). Out of 1837, 572 patients with previous or current diagnosis of T2DM and overweight, current anti-hyperlipidemia therapy, Hepatitis-B virus (HBV) (+), alcohol consumption and age under 18 years-old were excluded. Data of a total of 1265 patients was analyzed. Both anthropometric measurements and blood samples were routinely were obtained in the morning time, when the patients were overnight fasting. Anthropometric measurements such as weight, height, hip and waist circumferences were measured. BMI and Waist-Hip-Ratio (WHR) measures were calculated. Bioelectric impedance analysis (BIA) for total and visceral body fat was measured without shoes in light indoor clothes using a hand-to-foot single frequency biochemical impedance analyzer with 50 kHz bioelectric impedance meter (Omron BF 510; Omron Corp. Kyoto, Japan) was used. Office-based BP values were recorded as mean of two measurements by 5-minutes interval. Socio-demographic features such as gender and smoking status as current, former and non-smoker were noted. Additionally, previous medical history of the patients with respect to HT, T2DM, drug use, and etc were noted down.
Up to 10 milliliters of blood samples were drawn from the antecubital vein of each subject by applying minimal tourniquet pressure. Two ml of 10 ml-blood samples, which was used for the full blood count and glycosylated hemoglobin (HbA1c), was drawn into a vacutainer tube with ethylenediaminetetraacetic acid (EDTA). The remaining 6-8 milliliters were drawn into vacutainer tubes without anticoagulant for biochemical assay such as lipid profile, liver function tests, glucose, uric acid, high sensitive C-reactive protein (hs-CRP) and insulin. Status of insulin resistance (IR) was calculated (the original HOMA1-IR model) by homeostatic model assessment for insulin resistance (HOMA-IR), which was calculated with formula of [(fasting glucose mg/dL) x (fasting insulin mIU/mL)/(405)] [17] . Oral tolerance was evaluated using 75 g oral glucose tolerance test (OGTT) was applied for the patients with FBG level ≥ 110 mg/dL according to American Diabetes Association (ADA) [18] . Also, spot urinary albumin-creatinine ratio (UACR) was obtained. In case of suspected any urinary infection or menstruation, spot urinary sampling was postponed and later assayed.
The patients were grouped into three groups according to BMI cut-off values. Group 1: 30≤ BMI <35, group 2. 35≤ BMI <40 and group 3: BMI ≥40 [19] . The patients were categorized into subgroups according comparisons between categorical variables. Normal distribution of continues variables were tested with Kolmogorov-Smirnov test. Comparisons of continues variables which were normally distributed between more than two groups were done by using One-way Analysis of Variance (ANOVA-Bonferroni test). Logistic transformation was applied for variables which were normally distributed. Values of LDL-chol, TG, insulin, HOMA-IR, UACR, uric acid and hs-CRP were not normally distributed and stated as adjusted and non-adjusted in tables. For statistical analysis, adjusted values of those variables were used. Comparisons between status of target blood pressure among patients with previously HT and each factors were including age (years), gender, status of metabolic syndrome, smoking, insulin resistance were performed with logistic regression analysis with adjustment for those confounding factors. Results are expressed as adjusted odd ratio (OR) with 95% confidence interval (CI). Significance was accepted if p value was less than 0.05.
Ethics
The data of the patients were obtained from medical records of hospital registry. Ethical approval was obtained from Ethic Committee of our institute and directory of our hospital. The procedures were in accordance with the ethical standards of the responsible committee on human experimentation (institutional or regional) and with the Helsinki Declaration of 1975, which was revised in 1983. Table 1 showed the socio-demographic and clinical features of the patients. The frequency of female and male was 79.9% (n=1012) and 20.1% (n=253), respectively. The ratio of current smokers was 14.5% (n=184). The average total body and visceral fat compositions on bioelectric impedance analysis were 43.7±8.4 and 11.4±4.1%. The frequency of the patients with previously diagnosed HT was 15.6% (n=196). Only about onethird of them (n=68, 34.7%) were at target ranges of BP. Majority of the hypertensive patients under hypertensive treatment (n=128, 65.3%) was not target BP values. About 37.0% of the to BP, MetS, IR, and IGT status. The patients were classified into four subgroups as normal/optimal (SBP <120 and DBP <80 mm-Hg), pre-HT stage (SBP: 120-139 and DBP: 80-89 mm-Hg), stage 1 (SBP: 140-159 and DBP: 90-99 mm-Hg), stage 2 (SBP: ≥ 160 and DBP: ≥100 mm-Hg). Target BP value was accepted below 140 mm-Hg for systolic and 90 mm-Hg for diastolic BP value [20] . IR was set as positive if HOMA-IR ≥2.5, and negative if HOMA-IR <2.5 [21] . Criteria for Metabolic Syndrome (MetS) were evaluated according to National Cholesterol Education Program -Adult Treatment Panel (NCEP ATP III). MetS was accepted as the patients met three out of five criteria by both universal definitions. NCEP ATP III criteria were: waist circumference (WC) >102 cm (male) or >88 cm (female); blood triglyceride (TG) level ≥150 mg/dL, high density lipoprotein-cholesterol (HDLchol) <40 mg/dL (male) or <50 mg/dL (female), or under treatment of anti-lipid agents; blood pressure ≥130/85 mm-Hg or under treatment of anti-hypertensive agents; and FBG ≥110 mg/dL or presence of T2DM [22] .
Results
Statistics SPSS version 15.0 was used for statistics. Both descriptive and analytic statistics were used. Descriptive statistics were stated as percentage, mean ± SD (standard deviation) and number. Continues variables were stated as mean ± SD, whereas categorical variables as number and frequency. Chi-square/Fischer's test was used for Table 1 . Basic socio-demographic and medical features of the study population patients without previous HT (n= 404) were between normal ranges of blood pressure. More than half the patients had higher blood pressure values than normal. Accordingly, 17.1% (n=182), 25.8% (n=277), 15.1% (n=161) of the patients were at level of pre-HT, stage 1 and stage 2, respectively. We detected isolated systolic HT in 4.2% of the patient without previous HT. The frequency of MetS was 54.5% (n= 689) among study population. Majority of the patients (n=755, 59.7%) had insulin resistance. IFG (≥100 mg/dL) was seen in 38.5% of the obese patients (n=487). The ratio of the patients whose IFG was ≥110 mg/dL was 11.7% of (n=148). OGTT was applied those patients. Based on OGTT results, IFG, IGT and newly diagnosed T2DM were observed in 53.4%, 39.1%, and 7.5% of those patients (Table  1) . Basic biochemical parameters, anthropometric measurements and BIA fat composition analysis of the patients were given in Table 2 . Mean age 39.5±11.9 years-old (18-79). BMI was 35.5±8.4 kg/m 2 . SBP and DBP were 129.4±18.6 and 83.7±12.7 mm-Hg. Out of 1265 patients, 45.9% (n=581), 30.2 % (n=382) and 23.9% (n=302) were at group 1, group 2 and group 3 of obesity level, when the patients were classified according to BMI. The ratio of the patients whose blood pressure was between normal ranges was significantly higher among the patients in group 1, compared to those in group 2 and 3 (n=246, 54.4% versus n= 116, 39.3% and n=53, 24.2%, respectively). On the other hand, the ratio of the patients with stage 2 HT was comparably higher in patients in group 3 versus group 1 and 2 (n=54, 24.7%, n=29, 11.5% and n=29, 6.4%, respectively; p<0.001). The highest ratio of the patients previously treated with anti-hypertensive agents, who were out of target range of blood pressure was observed in group of 3 versus group 1 and 2 (15.8% versus 51.7% and 36.5%, respectively; p<0.001) ( Table 4 ). The frequencies of IR and MetS were significantly associated with obesity severity. 68.4% of the patients had IR in group 3, whereas 47.1% in group 1 had IR (p<0.001). Furthermore, the frequency of patients with MetS in groups of obesity 1, 2 and 3 was 42.6%, 61.4% and 68.4% (p< 0.001). The ratio the patients who had IFG in groups 3 and 2 had more significantly higher than group 1 (48.1% and 41.1% versus 30.8 %; p<0.001). Moreover, the number of the patients with IGT in groups 3 and 2 was higher, compared to in group 1 (35.7%; 42.1% and 63.3%; respectively; p=0.041) ( Table 3) . Table 4 indicated comparisons of biochemical and clinical features of the patients between groups of obesity severity. Mean age of the patients in group 1 was significantly different than in groups 2 and 3. It was observed that BMI was significantly different Table 2 . Basic biochemical parameters, anthropometric measurements and BIA fat composition analysis of the patients. SD: Standard deviation between groups of obesity severity, (p<0.001). Mean WHR measures among male and female patients between groups were not significantly different. On body fat composition analysis, both total and visceral body fat compositions were significantly different between groups. Compared to total fat composition, body visceral fat composition analysis between groups revealed clinically significant differences (9.8±1.6 %, 10.9±3.2 %, and 12.3±1.6 %; p<0.001). Comparisons of mean LDL-chol and HDL-chol between groups revealed no significant differences (p=0.427, p=0.151 respectively). However, mean TG level in group 1 was significantly lower than in groups 2 and 3 (p=0.006 and p=0.015, respectively), but not significant between group 2 and 3 (p=0.510). Mean FBG, insulin, HOMA-IR and HbA1c values in group 1 were significantly different than in group 2 and 3, but not significant difference was observed between group 2 and 3. Spot UACR was significantly higher in groups 3 and 2, compared to group 1 (24.8±52.5 mg/g, 26.2±51.3 mg/g and 16.4±43.6 mg/g; p=0.008, p=0.001 and p=0.445, respectively). Mean serum uric acid and hs-CRP levels showed similar pattern. Uric acid and hs-CRP level in group 3 was comparably higher than in group 1 and 2, but their values in group 2 were significantly lower than others (p=0.028, p<0.001 and p=0.007 for uric acid; p=0.004, p<0.001 and p=0.020 for hs-CRP).
In table 5, logistic regression analysis for age, obesity degree, status of smoking, gender, metabolic syndrome and insulin resistance at achieving target blood pressure among the obese patients with previously diagnosed HT was given. Accordingly, current smokers among the patients with previous HT were at great risk with two-fold for poor target blood pressure compared to non-smokers, but not significant (Odds ratio: 2.381; CI: 0.508-11.160), p=0.071). Being male versus female, presence or absence of MetS and IR 
Values of variables was given mean ± standard deviation (SD)
was not significantly associated with risk for poor target blood pressure (Odds ratio: 0.484; CI: 0.144-0-1.624, p=0.240; Odds: 1.712, CI: 0.707-4.203, p=0.231; and Odds: 1.412, CI: 0.647-3.129, p=0.381). However, the patients with BMI ≥40kg/m 2 had great increased risk about 7 times above desired target blood pressure, compared to those with BMI ≥30kg/m 2 (Odds: 6.998; CI: 2.608-18.782).
Discussion
The indications of this study in obese patients were that metabolic deterioration was significant, and achieving target blood pressure was challenging. In addition, many obese patients were not being treated for hypertension. The present study demonstrated that increased BMI was associated with impaired blood glucose tolerance, hypertension, The poorest BP control was observed in severely obese patients. Using logistic regression analysis, we determined that achieving target blood pressure was negatively associated with the degree of obesity.
It is well known that pre-diabetes and DM are significantly correlated with obesity, and that the conversion from normoglycemia to impaired glucose tolerance and DM is accelerated with increasing BMI [26, 27] . In this study, we also found that the frequency of patients with IFG (38.5%) and IGT (38.1% of those who underwent OGTT) were consistent with previous reports. In addition, we observed that the proportion of IGT increased with the severity of obesity. We suggest, therefore, that impaired glucose is not only correlated with obesity but also with the degree of obesity. Insulin resistance (IR) and metabolic syndrome (MetS) were also positively correlated with the severity of obesity.
Studies on uric acid levels in obesity suggested that elevated serum uric acid levels were positively correlated with obesity, MetS, and atherosclerosis, and may have potential as an obesity-related indicator [28] [29] [30] . In this study, the severity of obesity also negatively impacted metabolic indices. Uric acid and high-sensitivity CRP (hs-CRP) values were also significantly higher. Insulin and fasting blood glucose levels, thus HOMA-IR, were significantly increased in patients with a BMI ≥40 kg/m 2 , compared with those with a BMI <40 kg/ 2 . We also observed a positive correlation between the frequency of MetS and degree of obesity. In addition, we studied serum hs-CRP levels and its relationship with the degree of obesity. Our data were consistent with previous observations [31] [32] [33] [34] , where the extent of low-level inflammation was correlated with the degree of obesity. Based on the increase in serum levels of uric acid and hs-CRP in obesity, and their correlation with the degree of the obesity, we propose that uric acid levels may be a good marker for the inflammatory state in obesity.
Our study has some limitations. First, it was a cross-sectional. Secondly, blood pressure measurements were office-based, even though the mean of two blood pressure measurements was recorded. Thirdly, analysis was carried out without separating male and female subgroups due to a similar gender distribution between the groups of obesity severity. Finally, we also did not include analysis of the physical activity of the patients in the study.
insulin resistance, and the development of metabolic syndrome. It also revealed that achieving target blood pressure control was impaired at increased BMIs.
Our observations on the frequency of the BP range were consistent with previous studies. Oduwole et al. reported that hypertensive BPs among obese Nigerian adolescents were prevalent [23] . In addition, Benmohammed et al. reported that hypertension and arterial stiffness were associated with abdominal adiposity [24] . A recent study indicated that smoking and high BMI are strong and independent risk factors associated with higher BP levels in patients with uncontrolled arterial hypertension [25] . Consistent with this, we found that a failure to achieve target BP in obese hypertensive patients was correlated with obesity staging. We also detected an increase in HT frequency at higher BMIs. The failure to achieve target BPs and the increased prevalence of HT could be due to increased visceral adiposity and arterial stiffness.
Conclusion
Obesity is a significant obstacle for achieving target blood pressures in hypertensive patients, and this effect is magnified with increasing levels of obesity. Higher degrees of obesity carry an increased risk of impaired glucose tolerance, insulin resistance, and the development of MetS. Obese patients should, therefore, be monitored frequently to achieve target blood pressures and control metabolic parameters.
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